INTRODUCTION
Most of the information concerning the ecology of the normal microflora of human skin has been obtained by sampling human volunteers (Noble, 1981) . A wide variety of techniques have been used to remove the micro-organisms from the skin including contact plates (Somerville & Noble, 1973) , swabbing (Shaw et al., 1970) , scrub methods (Williamson & Kligman, 1965) and the use of contact adhesives (Holland et al., 1974) . These methods provide relative estimates of the microbial densities. Only by the removal of whole skin biopsies have absolute estimates been obtained (Puhvel et al., 1975) ; however, this technique has justifiable ethical restrictions.
Because ecological systems are very complex and only a limited understanding of the 'laws' governing their component populations has been achieved, the application of the in vitro reductionist approach to their investigation has not proved very useful. The resulting laboratory models achieve a high degree of precision, at the expense of sacrificing generality and reality (Levins, 1968) .
A more profitable approach has been to investigate the normal functioning of the system in uivo, and to observe the consequences of natural or experimentally induced perturbations to the system, including the effects of puberty (Leyden et al., 1975) , the introduction of natural antibiotic-producing bacteria (Aly et al., 1974) and the application of selective antibiotics (Leyden & Marples, 1973) . Again, however, there is a limit to the type of probe used to investigate the functional relationships of the component species, and to the type of perturbation that can be used in oiuo. Radioactive markers, chemical mutagens, pathogenic microorganisms, etc. and even certain antibiotics cannot normally be considered. It is therefore essential to have a realistic model system, not relying on volunteers, if ecological studies are to progress. A skin graft model designed for this purpose has been described (J. N. Kearney, G . Gowland, K. T. Holland & W. J. Cunliffe, unpublished) . The purpose of the present investigation was to assess the resilience of the microbial ecosystem of human skin grafts to the grafting procedure and to the novel microbial and physiological environment encountered on the host organism. The results would determine whether the system was sufficiently realistic to be a Human cadaver skin. The microflora of thoracic cadaver skin ( Fig. 1 ) was essentially the same as found on normal human skin (Noble, 1981) , with a preponderance of propionibacteria and staphylococci.
Murine skin. It has previously been shown that the anterior and posterior regions of hairless mice carry identical floras (J. N. Kearney, G. Gowland, K. T. Holland & W. J. Cunliffe, unpublished) . The posterior region was therefore used as a control for comparison with the anterior occluded mouse skin ( Fig. 2) . At both 7 d ( Fig. 2a, b ) and 9 d ( Fig. 2c, d ) post grafting, there was no significant difference between occluded and non-occluded mouse skin in the carriage of any microbial type. The dominant organisms on mice were the aerobic coryneforms and staphylococci. There was a higher carriage of staphylococci at 7 d than at 9 d post grafting on both occluded and non-occluded skin.
Comparison of the human grafflora with the murineflora. At 7 d post grafting, the human skin maintained a high carriage of Propionibacterium acnes (Fig. 2a) skin, and a low carriage of aerobic coryneforms, which constitute a major portion of the murine flora. Although all skin types exhibited a high carriage of staphylococci, the density was significantly greater on the human grafts ( Fig. 2b) . There was a difference in the carriage of Aerococcus viridans, which was not found on the grafted tissue ( Fig. 2b) , and a tendency for higher densities of Gram-positive and Gram-negative bacilli on the human grafts ( Fig. 2a) . At 9 d post grafting ( Fig. 2c, d ) i.e. 2 d after the removal of the occlusive bandages, the microbial profile had changed only slightly. For the first time P. acnes was isolated from anterior mouse skin but at very low densities, whereas its density on the human skin remained high. The aerobic coryneform profile of the three skin types was similar to that observed at 7 d, with murine skin maintaining a higher carriage. The staphylococci were most affected by the removal of the occlusive bandages. Their density decreased on all three skin types, although the * Pooled data from grafts that were removed at either 9 or 10 d post-grafting.
higher carriage on human skin compared to mouse skin was maintained. Removal of the occlusive dressing did not significantly affect the carriage of other bacterial genera.
Comparison of the distribution and abundance of Staphylococcus species.
The decrease in density of staphylococci was examined to determine whether there was a differential decline between Staphylococcus species (Fig. 3a, b) . Because some of the species were isolated only once from the various skin types it was difficult to draw firm conclusions. In general, there did appear to be a decline in the density of all species on all skin sites after removal of the bandages. From the data at 9 d post grafting ( Fig. 3 b) it was also clearly established that the population density of each Staphylococcus species on human skin was one or two log cycles above that maintained on the mouse, whereas there was little difference between anterior and posterior mouse skin. On both human and murine skin the absolute density of each species (except for Staphylococcus sp.) was very similar within each skin type.
The percentage incidence of Staphylococcus cohniilsaprophyticus, Staphylococcus xylosus and Staphylococcus wamerilhaemolyticus all increased slightly on the human grafts after removal of the dressing (Table l ), suggesting that they may be of murine origin. The incidence of Staphylococcus epidermidis on occluded mouse skin decreased at 9 d, suggesting that occlusion may have selected for the establishment of this species.
Temporal changes in the density of propionibacteria and staphylococci on human skin grafts. The mean log,, change in the density of staphylococci with time is presented in Table 2(a). After 7 d occlusion the population had increased markedly, but exhibited a subsequent decrease after removal of the dressing. In contrast, the propionibacteria (Table 2 b) showed a slight decrease in density at 7 d post-grafting, which was maintained during the following few days.
DISCUSSION

Usefulness oj' the model system for studies on human cutaneous microbiology
The establishment of a microbial ecosystem on a foreign host presented a number of potential problems, Firstly the host's flora might be inhibitory or be so numerous as to suppress the grafted flora. Alternatively, the murine flora might so closely resemble the graft flora that extensive strain typing would be required to establish whether micro-organisms taken from the graft were contaminants from the host. Finally, the grafting procedure itself or the change in the physiological environment might drastically alter the flora of the transplanted human skin.
With respect to the first of these possibilities, it was shown that, with the exception of the aerobic coryneforms, all bacterial groups were far less numerous on murine skin. There was no evidence of inhibition of the human flora, the relative densities remained consistent throughout the experimental period, and were in good agreement with the profile prior to grafting.
There was a degree of overlap with respect to the types of organisms present on the two skin types. Although aerobic coryneforms were present on both tissues, their density was initially very low on the human grafts and remained so, suggesting that contact with the high murine populations did not result in a large influx of transient mouse strains. There was an indication of a fall in the density of these bacteria during the 7 d of occlusion, however this could have been a result of competition from other aerobes, particularly staphylococci, which increased markedly. There was no evidence that occlusionper se was responsible, as the occluded murine skin showed no change in the density of aerobic coryneforms.
There was a larger degree of overlap in the genus Staphylococcus. Because of the importance of this genus in the human skin ecosystem and in causing skin diseases (Noble, 1981) , more detailed taxonomic differentiation was carried out. On human skin the incidence of S . epidermidis was far higher than for any other Staphylococcus species both before (J. N. Kearney, G . Gowland, K. T. Holland & W. J. Cunliffe, unpublished) and after grafting ( Table 1) . The murine skin, on the other hand, had a preponderance of the novobiocin-resistant group (S. cohnii, S . saprophyticus and S . xylosus) and of S . haemolyticuslwarneri. Sta:yhylococcus epidermidis was present, however, particularly under the occlusive conditions. For more detailed studies it might be possible to use phage typing or some other epidemiological markers (Jeljaszewicz, 1981) to differentiate between strains of different origin.
The predominant Propionibacterium on the sebaceous-rich areas of human skin, P . acnes, was not found to be a member of the normal cutaneous flora of hairless mice. Webster et al. (198 1) have recently shown that P . acnes is not isolated from animals having a low level of triglycerides in their sebum, which includes mice. In view of the importance of P . acnes in the intra-follicular
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habitat, and its implication in the disease acne vulgaris (Cunliffe & Cotterill, 1975) , its absence from mouse skin is fortunate, for changes in the P. acnes density on grafts can be confidently attributed to changes in the populations of resident human strains.
The other bacterial groups were not numerically important on either human or murine skin, and many of these have not traditionally been regarded as residents (Noble, 1981) . Nevertheless, the model should provide a basis for studying the factors which elevate these transient or infrequent species to the status of opportunistic pathogens, resident within lesions (Fulton et al., 1968) .
In conclusion, the murine flora does not inhibit, nor does it particularly resemble the human skin flora. Even after grafting, the human skin maintains its characteristic microbial profile.
Ecological observations
Although the primary objective of the work was to assess the usefulness of the model for studying human cutaneous microbiology, a number of observations were made relating to the ecology of skin micro-organisms.
Patterns were observed in the population density attained by different Staphylococcus species. After the bandages were removed and the system was allowed to equilibrate, there appeared a consistent difference in the capacity of the mouse and human environments to support each Staphylococcus species. In contrast, for any one skin type there was a remarkable similarity in the density of each species. This suggests firstly, that human skin provides a more favourable habitat for all species of staphylococci (or simply a larger habitat), and secondly, that the many physiological differences between species had no effect on the density attained, although they may have affected their rate of establishment and competitive ability.
Temporal changes in the density of staphylococci and propionibacteria were determined by comparison with the human skin prior to grafting. It must be stressed that these levels should not themselves be regarded as the norm for human skin, as it is possible that the changes which occur after death may elevate or depress the normal carriage. Nevertheless the comparison should permit the recognition of gross changes. There was a rise in the density of staphylococci and this was predictable from previous studies using human volunteers (Marples, 1965) . However, the densities rapidly returned towards normal levels on removal of the dressing. In contrast, the propionibacteria were little affected and maintained a fairly constant density, suggesting that the changes in hydration and temperature (Marples, 1965 ) associated with occlusion did not affect the P . acnes population.
There were neither quantitative nor qualitative changes in the flora of the grafted skin which could be attributed to the novel physiological environment in which the skin was placed. There were enormous differences in microbial carriage on different pieces of cadaver skin (as there are between normal healthy people), which were maintained on the novel host and cannot therefore be attributed to physiological factors independent of the skin itself. This implicates the skin tissue as the controlling agent of microbial populations, which would explain the resilience of the ecosystem to the perturbations introduced here. This also results in a stable and reproducible model system, one of the original objectives of the investigation.
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